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© A programmable multizone fluids injector for use 
in single-wafer semiconductor processing equipment 
including an injector having a plurality of orifices 
therein which are divided into a number of separate 
zones or areas. These zones or areas are connected 
by means of appropriate passageways and conduits 
to a source of process fluids. Each of the separate 
conduits has at least one flow control device located 
therein for independently controlling the amounts 
and ratios of process fluids flowing into each zone. 
The fluid control devices are responsive to input 
signals so that the fluid flow rates from the orifices 
can maintain a desired flow pattern within the pro- 
cess chamber to suit the individual needs of a par- 
ticular fabrication process. 
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TECHNICAL FIELD OF THE INVENTION 



This invention relates generally to single-wafer 
processes involving the production of semiconduc- 
tor devices. More particularly, but not by way of 
limitation, this invention relates to a multizone gas 
injector wherein the individual zones of the injector 
can be controlled as desired to provide uniform or 
non-uniform adjustable delivery of a process gas or 
a combination of process gases over the surface of 
a semiconductor wafer within a fabrication equip- 
ment. 

BACKGROUND OF THE INVENTION 

Among the difficulties encountered when at- 
tempting to perform a fabrication process (such as 
deposition or etch) on a semiconductor wafer is the 
difficulty of maintaining maximum process uniform- 
ity within the wafer. Most semiconductor fabrication 
processes, including etch and deposition pro- 
cesses, are activated thermally or via mass trans- 
port {or their combination). Thus, good process 
uniformity usually requires adjustments and op- 
timizations of both the wafer temperature uniformity 
and gas flow pattern. Advanced semiconductor pro- 
cess equipment employ multizone resistive, induc- 
tion, or lamp-type heat sources to optimize the 
temperature uniformity within the wafer in order to 
establish improved process uniformity. 

The process uniformity may be also affected 
by the ability to distribute the process gases ac- 
cording to a desired flow pattern. For the most part, 
the efforts to alleviate the problems caused by the 
gas flow patterns and mass transport nonuniformity 
in the process chamber to establish uniform pro- 
cesses have been in the direction of maintaining 
absolute uniformity of thickness of the material 
being deposited or etched. However, since the 
process uniformity usually depends upon both uni- 
formity temperature within the wafer and mass 
transport uniformity of the process gases, some 
applications have relied on adjusting the wafer tem- 
perature distribution (which can usually be con- 
trolled) in order to compensate for nonuniform 
mass transport effects. 

As an example of the above, in the chemical- 
vapor deposition (CVD) of tungsten, the deposition 
uniformity is strongly affected by gas flow patterns 
as well as the wafer temperature distribution. It is 
possible to improve the tungsten thickness uni- 
formity by adjusting the wafer temperature distribu- 
tion. The optimum deposition (thickness) uniformity 
may require a non-uniform or intentionally distorted 
wafer temperature. A non-uniform wafer .tempera- 
ture may be required to minimize the undesirable 
affects of non-uniform reactant concentration or 
mass transport distribution as well as to eliminate 



the gas or reactant depletion effects. A distorted 
non-uniform wafer temperature may overcome the 
flow non-uniformity effects resulting in a relatively 
uniform layer thickness. However, an intentionally 

5 distorted wafer temperature distribution can cause 
other problems, such as nonuniformities of other 
electrical and physical properties. As a result, in- 
tentional distortion of the wafer temperature in or- 
der to compensate for nonuniform mass transport 

jo effects may not be a desirable solution. Mechanical 
design constraints may contribute to the difficulty 
of maintaining the uniformity of gas flow from a 
single-zone gas injector. Accordingly, there is a 
need for the capability to allow reel-time adjust- 

T5 ments and control of the gas flow pattern and 
mass-transport distribution of reactants within the 
process chamber. This capability is useful in many 
fabrication processes such as plasma etch : thermal 
annealing oxidation, depositions and other fabrica- 

20 tion processes. 

TECHNICAL ADVANTAGES 



One advantage is to provide a programmable 
25 multizone gas injector (showerhead) for single-wa- 
fer semiconductor processing equipment wherein 
any number of gas injection zones can be pro- 
vided. 

The invention also provides a technical advan- 
30 tage of being able to control the mass flow through 
each of the injection areas when and as desired. 

The invention provides the technical advan- 
tages of the multizone gas injector for the uniform 
or non-uniform adjustable distribution of the pro- 
35 cess gases over the semiconductor wafer. The 
programmable capability of the multizone shower- 
head of this invention can be fully utilized during 
various fabrication processes such as low or at- 
mospheric pressure chemical-vapor deposition, 
40 etching, epitaxy, or various other fabrication pro- 
cesses. 

SUMMARY OF THE INVENTION 

45 This invention then provides a multizone prog- 
rammable gas injector for use in single-wafer semi- 
conductor processing equipment that comprises a 
body member having an end showerhead plate 
arranged to be located adjacent to the semiconduc- 

50 tor wafer, a plurality of orifices extending through 
the end service, and a plurality of passageways in 
the body member connected with the orifices and 
having an inlet for each passageway. The injector 
also includes a conduit connected with the body 

55 member for each inlet that is arranged to be con- 
nected to a source of process gases. Adjustable 
mass flow controllers are located in the conduit for 
controlling the amounts of proc ss fluids through 
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the orifices and onto the wafer being processed 
within the process chamber. 

B RIEF DESCRIPTION OF THE DRAWIN G 

The foregoing and additional objects and ad- 
vantages of the invention will become more appar- 
ent as the following detailed description is read in 
conjunction with the accompanying drawing 
wherein like reference characters denote like parts 
in all views and wherein: 

FIGURE 1 is an elevation schematic showing in 
cross section a multizone programmable gas 
injector that is constructed in accordance with 
the invention located in a partially illustrated 
process chamber. 

FIGURE 2 is a schematic drawing illustrating the 
process gas control system that is used in con- 
junction with the showerhead or injector shown 
\r. FIGURE 1 and that is also constructed in 
accordance with the invention. 
FIGURE 3 is a schematic drawing simitar to FIG. 
2. but illustrating another process gas control 
system that is used in conjunction with the injec- 
tor shown in FIG. 1 and that is also constructed 
in accordance with the invention. 
FIGURE 4 is an elevation view (not to scale) of a 
gas injector that is constructed in accordance 
with the invention. 

FIGURE 5 is a top plan view of a top plate or 
showerhead plate of the injector of FIG. 4 that is 
taken generally along the line 5-5 of FIG. 4. 
FIGURE 6 is a top plan view of a plate utilized 
to form the center zone for gas flow in the 
injector of FIG. 4 and taken generally along the 
line 6-6 of FIG. 4. 

FIGURE 7 is a top plan view of a plate utilized 
to form an annular middle or intermediate gas 
flow zone in the injector of FIG. 4 and taken 
generally along the line 7-7 of FIG. 4. 
FIGURE 8 is a top plan view of a plate used to 
form an outer annular gas flow zone in the 
injector FIG. 4 and taken generally along the line 
8-8 of FIG. 4. 

FIGURE 9 is a top plan view of a body section 
of the injector of FIG. 4 utilized to form a tem- 
perature control chamber for the programmable 
injector module and taken generally along the 
line 9-9 of FIG. 4. 

FIGURE 10 is a plan view of the bottom plate 
having the temperature control fluid flow con- 
nections therein that closes the chamber formed 
in the body member of FIG. 9 and that is taken 
generally along the line 10-10 of FIG. 4. 



DE TAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawing and to FIG. 1 in par- 
s ticular, shown therein and generally designated by 
the reference character 10 is a single-wafer pro- 
cess chamber that is utilized for performing various 
fabrication processes on semiconductors wafers. 
As illustrated, chamber 10 is only partially illus- 
io trated as encompassing the multizone program- 
mable gas injector 12. The chamber 10 includes 
process energy source 14 which is preferably a 
heater or plasma generation source that is de- 
signed to provide uniform process over a wafer 16. 
is The heat source is usually used in thermally ac- 
tivated processes such as chemical vapor deposi- 
tion processes. Other process energy sources such 
as plasma may be employed during other fabrica- 
tion processes, such as plasma, etch and plasma- 
20- enhanced chemical-vapor deposition (PECVD). 

The wafer 16 is supported in an appropriate 
manner adjacent to the showerhead plate 18 of the 
gas injector 12. The wafer may be clamped against 
a heated and/or radio-frequency-powered chuck 
25 (e.g. PECVD), or it may be supported on several 
supported pins without any clamping (e.g. lamp- 
heated rapid thermal processes). The process 
chamber is well known and its structure is not 
shown or described in detail herein. 
30 The showerhead plate 18 is formed on one end 
of an injector body 20. The showerhead plate 18 
includes a plurality of orifices 22 that extend there- 
through and that are located in a center portion or 
zone 24 of the injector 12. 
as Showerhead plate 18 also includes a plurality 
of orifices 26 that are arranged in an annular con- 
figuration encircling the center portion 24 forming a 
middle portion or zone 28. In addition, a third 
series of orifices 30 encircle the orifices 26. The 
4 0 orifices 30 are located adjacent to an outer periph- 
ery 32 of the showerhead plate 18 and are also 
arranged in an annular configuration. 

The orifices 22 connect with a passageway 34 
that is formed in the center of the body member 
45 20. The passageway 34 is connected to a conduit 
36 that extends from the body member 20. Simi- 
larly, the orifices 26 are connected to a passage- 
way 38 that is connected to a conduit 40 but also 
extends from the body member 20. In like fashion 
so the orifices 30 are connected to a passageway 42 
that is in turn connected to a conduit 44 that 
extends from the body member 20. 

As illustrated, the lower portion of the body 
member 20 is hollow and includes a temperature 
55 control chamber 46 having an inlet 48 and an outlet 
50 Preferably, the inlet and outlet are connected 
so that a temperature control fluid flows through 
the chamber 46 to heat or cool the injector body 
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member 20 and showerhead plate 18 during the 
processing of the wafer 16. 

FIG. 2 illustrates a fluid control and distribution 
network that is associated with the injector 12 and 
is generally indicated by the reference character 
51. At the lower portion of FIG. 2 t can be seen the 
conduits 36, 40 and 44 which extend into the head 
member 20 as previously described. 

It will be noted that the flow control and dis- 
tribution system 51 provides a means of connect- 
ing the injector 12 with a variety of process gases. 
The conduits 36, 40 and 44 are branch conduits 
which extend from an outlet conduit 52 that has its 
opposite end connected to a process gas mixing 
manifold 54. The manifold 54 is in turn connected 
by conduits 56 ; 58, 60 and 62 with four separate 
supplies of process gases which may. for example, 
be hydrogen, argon, silane (SiH*) and tungsten 
hexafluoride (WF 5 ). Depending on the process, the 
number of input process gas channels may vary. 

interposed in each of the conduits 56, 58. 60 
and 62 are orvoff valves 64, 66, 68 and 70, respec- 
tively. Also interposed in the conduit 56. 58. 60 and 
62 between the on/off valves and the manifold 54 
are mass flow controllers 72, 74, 75 and 78, re- 
spectively. The mass flow controllers are each re- 
sponsive to an input control signal 80, 82, 84 or 86 
which may be imposed either manually or in re- 
sponse to a process control computer. Manifestly, 
other process gases may be utilized in lieu of 
those listed above if desired. 

It is necessary to maintain the manifold gas 
pressure to a value at least slightly above the 
pressure being utilized in the process chamber 10 
in order to introduce the gas therein. Accordingly, 
the manifold 54 is provided with a pressure sensor 
88 which transmits a signal 90 indicative of the 
pressure in the manifold 54 to a controller 92. In 
the controller 92, the signal 90 is compared to a 
set point or desired pressure 94. The controller 92 
transmits an output control signal 96 that is indica- 
tive of the desired manifold pressure to a flow 
control valve 98 which is operating in conjunction 
with a pump 100. The pump 100 works in conjunc- 
tion with the flow control valve 98 and control 
signal 96 to establish the desired manifold gas 
pressure. This manifold pressure control will ensure 
proper operation of the mass flow controllers 104, 
106, 108 in the gas distribution network 51. 

Depending upon which gas or combination of 
gases has been selected for the process, the pro- 
cess gases flow through the outlet conduit 52 and 
into the three branch conduits 36, 40 and 44. 
Before the gases reach the injector 12, they must 
pass through mass-flow controllers 104, 1(36 or 108 
which are each located in a respective one of the 
branch conduits. The mass-flow controllers 104, 
106 and 108 are responsive to control signals 110, 



112 or 114 to determine the amounts and ratios of 
gases flowing through each of the branch conduits 

36, 40 and 42. 

If in a process, it is desired that each of the 

s zones of the injector 12 should have equal gas flow 
rates, then signals 110, 112 and 114 will be im- 
posed upon the valves 104, 106 and 108 so that 
the flow rates through the branch conduits 36, 40 
and 44 will be equal. If, on the other hand, it is 

w desired that 50 percent of the total gas flow rate 
should flow through the outer annular zone of 
orifices 30, then the control signal 114 changes the 
flow characteristics of the valve 108 so that 50 
percent of the gas is flowing through the branch 

T5 conduit 44 into the passageway 42 and out of the 
orifices 30. Manifestly, the flow through the other 
two conduits may be divided equally or in any 
proportion desired by simply imposing appropriate 
control signals on the mass-flow controlers 104- 

20 108. 

MODIFIED GAS CONTROL SYSTEM OF FIGURE 



25 In the description of the gas control system of 
FIG. 2, it will be noted that the mass flow control- 
lers or valves 72, 74, 76 and 78 upstream of the 
manifold 54 are cascaded with respect to the mass 
flow controllers located in the branch conduits 36, 
30 40 and 44. Cascading of the control valves in the 
system 51 shown in FIG. 2 is necessary since it is 
sometimes desirable to mix one or more of the 
gases flowing through the conduits 56, 58, 60 or 
62. The controllers upstream of the manifold 54 are 
35 necesS ary in order to provide the proper propor- 
tions of process fluids into the manifold 54. Since 
there is only one outlet conduit 52 from the mani- 
fold 54, it is necessary to have the flow control 
valves 104, 106 and 108 in each of the conduits 
40 36, 40 and 44, respectively, to control the flow 
rates into each of the flow zones in the injector 12. 

With the system shown in FIG. 3, three sepa- 
rate manifolds are utilized, that is, manifolds 54a, 
54b and 54c. The conduits 36, 40 and 44 which 
45 lead into the injector 12 are each connected to one 
of the mixing manifolds. 

It will be noted that each of the manifolds 54a, 
54b and 54c is provided with a plurality of conduits 
56, 58, 60 and 62 which corresponds to the same 
so conduits shown in the gas flow control system 51 
of FIG. 2. Similarly, each is provided with an on/off 
valve 64, 66, 68 and 70. 

One of the advantages of the system of FIG. 3 
is that a different gas or a different mixture of 
55 gases can be provided to each of the flow zones in 
the injector 12. Also, the variation in the mixture in 
a single flow zone during a process on the wafer 
16 can be controlled by varying the appropriate 
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flow control valve 64, 66. 68, or 70 which are also 
located in each of the conduits as previously de- 
scribed. Since each of the manifolds is provided 
with its own outlet conduit, it is not necessary to 
further control the flow into the injector 12 as it is in 
the case of the gas flow control system 51 of FIG. 
2. Although not shown in detail, each of the man- 
ifolds 54a, 54b and 54c can be provided with a 
pressure control system as described in connection 
with the embodiment of FIG. 2. Conduits 102, 
which are indicated as extending into the man- 
ifolds, are shown for this purpose. They may be 
omitted if not needed. 

In the operation of the injector 12, when con- 
nected with the gas flow control system of FIG. 3, a 
selected mixture of gases is introduced into the 
manifold 54a through the appropriate conduits ana 
the mixed gas exits through the outlet conduit 40 
flowing into the injector 12 through the passage- 
ways 38 and out of the orifices 26 into the inter- 
mediate annular gas flow zone 28. 

Similarly, the desired gases are introduced into 
the manifold 54b where they mix and flow out- 
wardly through the conduit 36 which flows through 
the passageways 34 into the injector 12 and out- 
wardly through the orifices 22 into the center zone 
24 of gas flow. One or a plurality of gases can be 
introduced into the manifold 54c from which the 
gas flows through the outlet conduit 44 into the 
injector 12 through the passageways 42 and out- 
wardly through the orifices 30 in the outer annular 
gas flow zone of the injector 12. 

It will be appreciated that the mixture and ra- 
tios of gases can be varied or maintained constant 
in various flow zones as desired by introducing the 
proper input control signals 80, 82, 84 and 86 into 
the various flow control valves in the gas flow 
control system of FIG. 3. In this manner, the com- 
position of the mixtures can be varied and the 
volume of the gas flowing through each of the 
outlet conduits can be varied by utilization of par- 
allel arranged flow control valves. The difficulty of 
controlling the cascaded or series arranged flow 
control valves of FIG. 2 is thus avoided. Note that 
the control signals 64, 66, 68, and 70 of the mass- 
flow controllers on various manifolds 54a, 54b, and 
54c are independent and can be controlled sepa- 
rately (a total of 12 separate mass-flow control 
signals shown in FIG. 3). 

STRUCTURE OF THE INJECTOR 12 

FIGS. 4-10 illustrate the construction of an in- 
jector 12 that incorporates the theory of the sche- 
matic injector diagram of FIG. 1. As shown in FIG. 
4, the injector 12 includes a top showerhead plate 
120, a center zone plate 122, an intermediate zone 
plate 124, and an outer annular zone plate 126. 



The injector body 20 also includes a temperature 
control section 128 and a bottom plate 130 thai 
completes the formation of the temperature control 
chamber 46. A series of threaded fasteners 132 
5 extend through the body 20 holding the various 
plates in assembled and oriented relationship. 

FIG. 5 illustrates a plan view of the top shower- 
head plate 120. In addition to the outer peripheral 
surface 32, the various orifices 22, 26 and 30 can 
w be seen as extending therethrough. Also, the 
threaded fasteners 132 which serve to orient the 
plates relative to each other and to hold the body 
20 assembled can be seen. Preferably, the plate 
120 will have an outside diameter equal to or larger 
15 than the diameter of the wafer 16. 

The center zone plate 122 is illustrated in the 
plan view of FIG. 6. As shown therein, the gas flow 
passageway 34 is illustrated as being a circular 
recess having radially extending recesses projec- 
2c ting therefrom intersecting annular branch passage- 
ways which provide communication between the 
conduit 36 (see FIG. 1) and the orifices 22 which 
provide for gas flow through the center zone 24. 
FIG. 7 illustrates the gas flow channels to the 
25 intermediate gas flow zone 28. As shown therein, 
the conduit 40 extends into an annular passageway 
38 formed in the plate 124 which then connects 
into a series of gas flow recesses which connect 
with the orifices 26 providing gas flow into the zone 
30 28. Also shown therein is the conduit 36 which 
extends therethrough into the center flow passage- 
way 34 previously mentioned in connection with 
FIG. 6. 

FIG. 8 shows, in plan view, the gas flow control 
35 to the outer zone. As shown therein, the conduit 44 
extends radially outwardly through the plate 126 to 
an annular gas flow passageway which has a plu- 
rality of radially extending passageways connecting 
with the orifices 30 providing gas flow to the outer 
40 annular zone of the injector 12. Also shown in FIG. 
8 is the conduit 36 extending to the passageway 34 
and the conduit 40 which extends to the passage- 
way 38. 

FIG. 9 is a plan view of a section 128 of the 
45 injector body 18 which provides the temperature 
control chamber 46. As illustrated, a partition 134 
extends across the temperature control chamber 
46. The conduits 36, 40 and 44 which extend into 
the injector 12 for delivering the process gases to 
so the injector 12 can be clearly seen in FIG. 9. 

FIG. 10 is also a plan view showing a plate 130 
that extends across the bottom of the body section 
128, enclosing the chamber 46. The orientation of 
the plate 128 is such that the fluid inlet 48 and 
55 outlet 50 are positioned on opposite sides of the 
partition 134. Again, the conduits 36, 40 and 44 can 
be seen extending through the plate 130. 
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Although no seals have been illustrated in the 
structure, it will be understood that the surfaces of 
the various plates may be finished adequately to 
provide metal-to-metal seals or appropriate seals 
capable of withstanding the heat of the various 5 
processes will be inserted between the plates to 
maintain the integrity of the gas flow passageways. 

From the foregoing detailed description, it can 
be seen that the injector 12 and the associated flow 
control systems can provide the desired gas flow w 
rates through the appropriate orifice zones either 
equally or in any ratio desired. 

Although not illustrated, the mass flow, control- 
ler signals (110, 112, 114, as well as 80, 82, 84, 
and 86) can be imposed on the control valves by a ?5 
preselected program from a process control com- 
puter (not shown) so that the gas flow rates and 
their ratios can be varied during the execution of 
any process within the chamber 10. 

I- wii 1 of course be understood that the pre- 20 
ferred embodiment illustrates three separates 
zones of flow control. Manifestly, as many zones of 
flow control as desired could be included within the 
apparatus. Moreover, the preferred embodiment 
employs cylindrically symmetric zones (circular 25 
and annular). It is, however, possible to use other 
zone partitioning configurations as well. 

Having described but a single embodiment of 
the invention, it will be understood that many 
changes and modifications can be made thereto 30 
without departing from the spirit or scope of the 
invention. 

Claims 

35 

1. A multi-zone gas injector for use in a semicon- 
ductor processing equipment comprising: 

a body member having a showerhead 
plate arranged to be located adjacent to said 
wafer, a plurality of orifices extending through 40 
said showerhead plate, and a plurality of pas- 
sageways in said body member connected 
with orifices and having an inlet for each said 
passageway; and 

an inlet conduit connected with said body 45 
member for each said inlet and arranged to be 
connected to at least one source of process 
fluids. 

2. The injector of claim 1 and also including 50 
adjustable flow control apparatus located in 
each said conduit for controlling the amount 

and distribution of said process fluids through 
said orifices and onto said wafer. 

55 

3. The injector of claim 1 wherein a first portion 
of said orifices is located in a generally annular 
pattern adjacent to an outer periphery of said 



showerhead plate. 

4. The injector of claim 3 wherein a second por- 
tion of said orifices is located in a generally 
annular pattern adjacent to said first portion. 

5. The injector of claim 4, wherein a third portion 
of said orifices is located in a generally circular 
pattern within said second portion. 

6. The injector of claim 1 wherein the source of 
process fluids includes: 

at least one fluid mixing manifold; 

pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
manifold pressure therein; 

at ieast one process fluid conduit con- 
nected to said mixing manifold for supplying a 
process fluid to said mixing manifold; 

a flow control device located in each pro- 
cess fluid conduit for controlling the mass flow 
of said process fluids into said mixing mani- 
fold: and 

an outlet conduit connected to said mixing 
manifold for delivering said process fluids to 
said plurality of inlet conduits connected to 
said body member. 

7. The injector of claim 2 wherein the source of 
process fluids includes: 

at least one fluids mixing manifold; 

pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
manifold pressure therein; 

at least one process fluids conduit con- 
nected to said mixing manifold for supplying a 
process fluids to said mixing manifold; 

a flow control device located in each pro- 
cess fluid conduit for controlling the mass flow 
of said process fluids into said mixing mani- 
fold; and 

an outlet conduit connected to said mixing 
manifold for delivering said process fluids to 
said plurality of inlet conduits connected to 
said body member. 

8. The injector of claim 7 and also including: 

a gas manifold mixing manifold for each 
said inlet conduit; 

at least one process fluid conduit for each 
mixing manifold; and 

an outlet conduit for each mixing manifold 
for delivering said process fluids to said injec- 
tor body. 

9. The injector of claim 5 wherein the source of 
process fluids includes: 

a gas mixing manifold; 
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pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
manifold pressure therein; 

at least one process fluids conduit con- 
nected to said mixing manifold for supplying 
process fluids to said mixing manifold; 

a control device located in each process 
fluid conduit for controlling the mass flow of 
said process fluids into said mixing manifold; 
and 

an outlet conduit connected to said mixing 
manifold for delivering said process fluids to 
said plurality of conduits connected to said 
body member. 

10. The injector of claim 9 and aiso including: 

a fluid mixing manifold for each said inlet 
conduit; 

at least one process fluid conduit for each 
mixing manifold: and 

an outlet conduit for each mixing manifold 
for delivering said process fluids to said injec- 
tor body. 

11. The injector of claim 9 wherein said pressure 
control apparatus includes: 

a pressure sensor in said mixing manifold 
for generating a signal indicative of the pres- 
sure in the mixing manifold; 

a controller for receiving said signal and 
comparing said signal to a desired pressure 
and transmitting an output control signal indi- 
cative of the desired pressure; 

pressure controlling apparatus connected 
with said mixing manifold; and 

a control valve located between said mix- 
ing manifold and pressure controlling appara- 
tus, said valve being responsive to said output 
control signal to regulate the pressure in said 
mixing manifold. 

12. A multizone fluids injector for use in single- 
wafer semiconductor processing equipment 
comprising: 

a body member having a showerhead 
plate arranged to be located adjacent to said 
wafer, a plurality of radially and circumferen- 
tially spaced orifices extending through said 
showerhead plate, a first passageway in said 
body member connected with a first portion of 
said orifices and having a first inlet, a second 
portion of said orifices and having a second 
inlet, and a third passageway in said body 
member connected with a third portion of said 
orifices and having a third inlet; 

a first conduit connected to said first inlet 
and arranged to be connected to a source of 
process fluids; 



a second conduit connected to said sec- 
ond inlet and arranged to be connected to said 
source of process fluids; and 

a third conduit connected to said third inlet 
5 and arranged to be connected to said source 
of process fluids. 

13. The injector of claim 12 and also including 
first, second, and third adjustable flow control 
jo devices located in said first, second and third 
conduits, respectively for controlling the 
amounts and distribution of said process fluids 
through said orifices and onto said wafer. 

?5 14. The injector of claim 12 wherein the first por- 
tion of said orifices is located in a generally 
annular pattern adjacent to an outer periphery 
of said showerhead plate. 



20 



15. The injector of claim 14 wherein the second 
portion of said orifices is located in a generally 
annular pattern adjacent to said first portion. 



16. The injector of claim 15 wherein the third por- 
25 tion of said orifices is located in a generally 

circular pattern within said second portion. 

17. The injector of claim 12 wherein said source of 
process fluids includes: 

30 a fluid mixing manifold; 

pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
pressure therein; 

a plurality of conduits connected to said 
35 mixing manifold for supplying process fluids to 
said mixing manifold; 

control valves for controlling the mass flow 
of said process fluids into said mixing mani- 
fold; and, 

40 an outlet conduit connected to said mixing 

manifold for delivering said process fluids to 
said plurality of conduits connected to said 
body member. 

45 18. The injector of claim 13 wherein the source of 
process fluids includes: 
a fluid mixing manifold; 
pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
so pressure therein; 

at least one process fluids conduit con- 
nected to said mixing manifold for supplying 
process fluids to said mixing manifold; 

at least one flow control device located in 
55 each process fluid conduit for controlling the 
mass flow of said process fluids into said mix- 
ing manifold; and, 

an outlet conduit connected to said mixing 



13 



EP 0 550 058 A2 



manifold for delivering said process fluids to 
said plurality of inlet conduits connected to 
said body member. 

19. The injector of claim 18 and also including: 5 

a fluid mixing manifold for each said inlet 
conduit; 

at least one process fluid conduit for each 
mixing manifold; and 

an outlet conduit for each mixing manifold 10 
for delivering said process fluids to said injec- 
tor body. 

20. The injector of claim 16 wherein said source of 
process fluids includes: '5 

a fluid mixing manifold; 

pressure control apparatus connected with 
said mixing manifold for maintaining a desired 
pressure therein; 

a plurality of process fluid conduits con- 20 
nected to said manifold mixing manifold for 
supplying process fluids to said mixing mani- 
fold: 

a control device for each said process fluid 
conduit for controlling the mass flow of said 25 
process fluids into said mixing manifold; and, 

an outlet conduit connected to said mixing 
manifold for delivering one of said process 
fluids to said plurality of conduits connected to 
said body member. 30 

21. The injector of claim 17 wherein said pressure 
control apparatus includes: 

a pressure sensor in said mixing manifold 
for generating a signal indicative of the pres- 35 
sure in the mixing manifold; 

a controller for receiving said signal and 
comparing said signal to a desired pressure 
and transmitting an output control signal indi- 
cative of the desired pressure; ~ 40 

pressure controlling apparatus connected 
with said mixing manifold; and 

a control valve located between said mix- 
ing manifold and pressure controlling appara- 
tus, said valve being responsive to said output 45 
control signal to regulate the pressure in said 
mixing manifold. 
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